This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not hmited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



STIC-ILL 



From: 

Sent: 

To: 



Lukton, David 

Friday. November 07, 2003 5:02 PM 
STIC-ILL 



David Lukton 
308-3213 
AU 1653 

Examiner room: 9B05 
Mailbox room: 9B01 
Serial number: 09/127364 



Journal of Cell Biology volume 123, 1289 -> end, 1993 



Palmer, 




Sequence and Tissue Distribution of the 
Integrin a9 Subunit, ai Novel Partner of j91 That 
Is Widely EMstributed in Epithelia and Muscle 

Elise L. Ralmer, Curzio Rfiegg. Ronald Ferrando, Robert Pytda,* and Dean Sheppaid 

The Lung Biology Centen the Caidiovascular Research Institute, the Center for Occupatioiial and Environmental Health, and tiie 
Departments of Medicine and * Phaimacology, University of Califomia, San Francisco, California 94143 



Abstract The int^n fomily of adhesion receptors 
consists of several heteiodimeric glycoproteins, each 
c mposed of one a and one 0 subunit, A novel inte- 
grin a subunit partial cDNA isolated from TGF-J9 
stimulated guinea pig airway epithelial cells has previ- 
usly been reported (Erie, D. J., D. Sheppard, J. 
Bruess, C Ra^, and R. Pytela. 1991. Am, J. Respir. 
Cell Mol Biol 5:nOA77). We have now determmcid 
' cDNA aiid anninb acid sequence for the human hpiho^'' 
log f this subunit, named a9, from a human Ins^ 
cDNA iibraiy, a humih small intestine cDNA Hb^aI}^ 
and cDNA from the cell lines U9y^ HL-60 and^ " 
T&ra-2. This sequence is p^icted to encode a lOOiS- J 
amino ac^id mature proteiq that shares 39% identity - 



with the previously identified integrin subunit a4. By 
Northern blot analysis, a9 mRNA was detected in die 
human carcinoma cell lines lfera-2 and Caoo-2. 
Anti-pqytide antibodies against die predicted COOH- 
terminal sequence of a9 immunoprecipitated a hetero- 
dimer 040 kD/llS kD nonieduced; ISO kDA30 kD 
reduced) from T5ra-2.;lysates. Immunodqpledon of fiU 
containii^ integrins With Tkra-2 lysates removed oe9 i i 
immimbreiutiyity^^^^^ is die princqial 

sub^tij)^^ detected;^ f 

by imihunphisto^ ^epithelium, in^die;^:^ 

basal hQ^rloF^squi^ 

imiscte;^^sl»letiU - '^^0;^^ 




|HE integrins ,are:a laige,fiunily of p^^ glyc^, 
proteins thr.t inediate. OBllTrcell ^<lhe: 
sioh (21). All known members of ffais fiunlily are hist- 
erodimers consis'ong of an a and a |3 subunit that bind non- 
covalently to each other. Published reports suggest the exis-^ 
tence of 8 jS subunits 031-j88) (2. 12; 14, 20, 26, 30, 32i 34. 
3Z 4a 41) aflKi 16 a subimits (2-^ 9, Kfc 13^ 16^ 23,^ 28; 
33, 38, 39; 42-47); 13 of these have been completely s&f 
quenced (al-a8, av^ aM; aL, oeX, otHb). Hie existence of 
oIEL and oLRI has been established on die protein level. 
We have previously reported identification of partial integrin 
a subunit cDN A sequences lisipg degenerate oUgpnucleo- 
tide primer pairs and die PCR (13). Primers were designed 
based on two h^y conserved regions, separated by 72- 
92-amino acid residues, located within the fifth and sixth 
repeated domains of the previously rqwrted int^rin a 
subunits. PCR anq>lification of cDNA using these primers 
resulted in the identification of several integrin a subunit 
partial cDNAs. From guinea pig airway epidielial cells six 
different sequences were identified. Five of diese were 88 to 
92% identical to the sequences of al-a3, aS and oev finom 



p&^sj^^jai^ 
hbmblb^ ,bf 

was onlyJ24t609t;kle^^ 

units. This novel cDNA was predicted to encode a 7i--ainiho' 
acid fhigmiEmt^Qfan integrinalsubu^ 
nated oA^yVVie^ minvfiepQrt ^ 
the human hoinplog^of diis n 
niRNA 'enbcxluig tins subunit and the oorrespioii^^ 
in two cell lines, induding.'the<himiail;tefato 
Tisra-2, and demonstrate Aat Ais a subunit associatesiprin- 
cipally with the integrin ^31 subunit in tfaese;bells.' Biased on 
the convention of sequentially numberiifg newly idottified 
partners of jSl, we have called this a subunit 0^9. We also 
demonstrate wide distribution of oe9 in qiidielia, smoodi 
muscle, skeletal muscle, and hepatoc^tes. 



Materials and Methods 

Cell Lines, RNA Purification, andcDNA Synthesis 



Address all correspondence to Dr. Dean Sheppard, Luqg Biology Center, 
UC Box 08S4, San Francisco, CA 94143. 



ATCC human cell lines were maintained in DME (HeLa, 1^-2, Caoo-2,) 
or RPMI 1640 media (U937, HL^, Raji. HuT 7^ M0LT4) contain- 
ing 10% FBS. Media were obtained from BidWhittaker, Inc. (mkeis- 
viUe. MD). 

mRNA was isolated from resected human lung tissue usiQg the Bst 
IVack mRNA isolation kit (Invitiogen, San Di^go, OA). Ibtal cellular RNA 
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was isolated usli^ the tiCl/Urea m^hod 02). SiQgle-stranded cDNA was 
synUiesized at 44^C for 1 h fipom 1 U> 5 fig of mRNA 20-40 
RNA using the Superscript cDNA Synthesis System (GIBCO-BRL, 
Oaitheisbuig, MD) and random DNA hexameis. In some cases cDNA was 
synthesized as above using a previously described sequence tagged random 
DNA hexamer primer (CGAGCKKKZATGOTCOAOKSAAGCGACC- 
NNNNNND 05). 



UbmryDNA 

AliquotsofAgai libraries oomainiqg 1-S million plaque forming units were 
mixed with 300 pi of LB392 bacteria (OD « M) in SM buffer (100 mM 
NaO. 8 mM MgSOi. 50 mM IVis^Ha, pH 7A 001% gelatin), incubated 
15 ndn at TI'^C, and shaken at 250 ifmi overnight at 37*C in Luria broth 
contamiqg 10 mM MgCb and a2% maltose. Hu culmres were incubated 
at ZVC and250fpmfor30minwith5% chloroform. Aliquots of the aque- 
ous layer wen sul^ected to three cycles of 3 min in diyioe/ethanol followed 
by 3 ndn at 90°Ct phenol/cUoxofonn extrution, and precipitation with 
ethanol. 

PCRAmpUficQ^n 

PCR reacdons were performed in 2^-200 id reaction volumes and oon- 
tahud 1 X Vui buflbr (Plom^, Coip^. Madison, WI) with 1.5 mM 
MgCh, ai mM each of two prinm. 0025 U/fd 'Biq Polymerase (Promega 
Crap.), 1-8 Ml of DNA template, and ai mM each of dATP, dOTP, dCTE 
and dTTP. Reactions were healed to 94X for 4 min in a thermocycler 
(EUCOMH Inc. . San Diego, CA) and then sofajected to 30 ^les of PCR fol- 
lowed fay 10minat72*C Reactions that contilneddogBnente oligonucleo- 
tide primeni were siiliriecled to PCR cycles consist s 
at48or 53'*C iuid45 88t72''C Reacdons that contaiiiedo9-specific primer 
pain designed to ai^difV DNA fivgmems less than 750 liucliMtides were 
subjected to PC^ cycles consisting of 45 s at 94^ 45 s at 57"C; and 60 s 
at 72X. Readons that cbntainedlu 

primer (XgUlF: CCICCCnCGACGOTGCXXMOQACipCIGC^ <it 
Xgttflt CCTCCCnCGMCTIQA^^ 

fied concentrated tc^ library DNA were su^et^ to Pii^^cles^irohsist^ 
iQgof45sat94«C45 s at 60*'C«uidl2diiu72'*CAU other K^^^^ 
were subjected to ^les consisting of 45 8 at 94X; 45 s at and 120 s 
at 72*C Products of each PCR reaction wine aiialyzBd fay nganse gel elec- 
trophoresis u^siandaid or low gd temi^^ a: . 
V PCR reactions designed to am|^ 3' sequel 
cDNA, described above, contained a9-specific forward priimra and 
. ; . primers complementaiy to the sequence tajsged landom hexam& (QATt ' 
^ CXSICGACC^^ or COteGOGGAtGGTC^iAJiXG 
■'^)»ert&riai^ • * ■ -^^^^^-^ 

ClorOngxtfDNAFira^ v. . ; . .^u^. 

; ^ Re^^^^ DNA fngnsehls wm 

^' \ l^irose auDd p£ified fay fdienoUddonitiHin atii^^ anddhaiib] precipita- > 
;4vti(m;!Fnjgments weie Ugated imo iestrictioiHligested,:dq[>^^ 
: 1 1 ^pBhiescrqtt vector (Stratagene, La JoUa. CA) with ^ DNA Ugase (pjOE^t^i^^ 
4 - BBir). the ligation iidxture was used to transform obn^^tent Es^umMa ' 
' coU (fM4Q9i aontech, Mo^to, CAy. Sdected plasmids were 'p«^^ ^ 
! fromliquidcdtuzesusingthePhaiinaciaminiprq»l3^]dt(^^ 
Oonicals/LKB. Pleasant HiU. CA) and sequenced using Sequcnnase 2.0 
(United States Biochemical Corporation, Cleveland, OH), ^S-dATP 
(Amersham Corpi, Ariington Mights, IL), T3 primer. T7 primer, and a 
vari^ of primers specific for ot9. 

Library Screening 

I^artial cDNA fragments were used as templates for the random>primed syn- 
thesis of pPldCTP-labded probes (multiprime DNA labeling system; 
Amersham Corp.). These pntes were used to screen an oligOKlT-primed 
Agtl 1 cDNA lifanuy fiom human lung tissue including trachea and bronchi- 
oles (catalog No. HL 1 06^; Clontech) and a mixed random and oligo^lT 
primed XgU 1 cDNA library fiom human small intestine tissue (catalog No. 
HL1133b; Clontech). liybridizations were performed at SOX for 16 h in 
faybridization bu£kr (40% fomuunide, SO mM sodium phosphate, pH &5, 
800 mM Naa, 005% polyvinylpyrrolidone, 005% BSA, 0lOS% ficoU, 
1 mM EDTA. ai% SDS, and 10 i^ml heatHtenanued, sonicated salmon 
sperm DNA). FUters were washed ewice in Ix SSC containing ai% SDS 
for 5 min at room temperature, and once in aSx SSC containing Ql1% SDS 



for I h at 50°C and exposed to fihn for 18 h at -SOX with intensifying 
screens. Bssitive library clones were isolated fay fiutiier rounds of screen- 
ing, and the inserts were fsolated eidier fay PCR amplification using Xgtll- 
spedfic primers or fay EcoRI digestion of purified DNA. The inserts 
were then subcloned into EcoRI^djgested pBluesoipt and sequenced. 

Northern BlotArudysIs 

Ibtal cellular RNA was electrophoresed throngh a formamide-Qgarose gel 
and transferred to a nylon mendnane (Hybond-N; Anmham Corpi). Ra- 
diolabeled probe was synthesized fiom 2.1 kb <tf a9 sequence using the Mul- 
tiprime Labeling System (Amersham Coipi) and (^dCTP. Filteis were 
incubated at SO'C for 16htttl9bridizationbuffisrcontainhv5x SSCi40% 
formamide, 20 mM IVis, pH ai% polyviayljiyfrolidotte, ai% BSA, 
0L1% fiooU, 10% dextran sul&te, and 100 ^gM heat-denatured, sonicated 
sabnon sperm DNA. and washed in 5x SSC contaimng ai% SDS at 50X 
for 30 min. After washing, filters were exposed to fibn at -80^C widi an 
intensifying screen. 



Myclonal antiserum was generated qgainst the qc9 peptide CRKENEDSW- 
mhfQlSQ, Vepddt symhefsis. oonju^gation to KLH, and injection of rabbits 
was performed by Immunodynamics, Inc. (La loUa. CA). o9 antibodies 
were aflSnity purified ftom crude antiserum on a pe|Mide-lysozym&AQgel 
column as follows. AfligeMO slurry (4-ml bed volume) ^io Rad Labs., 
Ridunond. CA) was washed three tines widi oold 10 mM sodium acetate. 
pH 4.5: rinsed once widi ai M pot ^sium phosphate, pH 7.5; mixed with 
100 mg lysoxyme (Sigma ImmunoUiemicals, St. Louis. MO) in 8 ml 0.1 M 
potassium pho^te, pH 75. for 2 h at room temperahue; washed twice 
wiOi ai M potassium ^<KS{>hate. pH 75; mixed widtS ml <X2 M cthanola- 
mine, pH &0t for 2 h ai mm [temperature; and wa^ttd tte« ivitfi 
PBS. l^saEyoaerAfiSgei;(6^^bed,v^ , 

' dhnn phoqihate, i>H,8d( mjx^^with 2.5;RI^ sidfi^tmlgmido^^ \ 
hydnxxysuociaJniide iKtq; (^^ 0^];,^ ,1 it^^OflS 

sodium idioqAa^r|))M 8^^ . .J, 

? 005 M socUum phosq^^ 

1^005 MsGNdlituhplu)^^ -^p> 
,widi {a) 0l()5 M SQdiiim phosphate^ 

(c) 005 M sodium phosphate, pH^^^ ' 
sodium phosphate; pH; w5-10^r(d^^ . ; 

the peptide-lys(»9ine^ 4X. Tin ,s^^ vnb ''finim^ 

to a colium^ and jwu^ wj^OlOS M'^u^^ ^ . .y, 

. OD 280 of. die w^^'b'u^i^^^^w jAif^mli^ itm.eliited^, v ' ^ f 

1.25-inl firai^prB '^:j>?t 
*taiiung2Sp^^ 

■^Jlya4:ja'ifa^ [ftgai^^PBS. cbn^iuli^g>(K^ %.-iBide: ■ r}^^'- \ jf^-V.^ 

: nul^ p^^Qrected against die i|i ^egrin ;subu^ giA jfRnn^'^^.^^^^^^^^^^ / 
.^WaibA^ (UniYersity of ^ Miiu^^ Mjriii^|wti mAb ' 

R(kS9 ^6 imiegrin attn^ m gnen&ed m bur labcf ' 
' ra^oiy som. experimeats .antibocfi^^.were: m 

■■r:A:^Sq[Aawec 

:rCd[ls.;were,.surfiiceifl^ v, 

; liiui&tiogoii^ ;7i,^0Li% s)M,;l^^ 

40t and and ifmAutrapit^ 

' 'Samples ^were ai^ by SDS-PAGE on 75% acrylandde ^s;and ex-, : , !f::.: C 
poKsed to-film at -80"C with intensifying screens. " : / ri - 



yJIssue Staining 

Frozen sections (5 pan) of tissue were fixed in either 2% paraformaldehyde 
(mouse tissue) ai room temperature or in -18**C aoe!Otte (human tissue) 
for 5 min and subsequently rinsed in PBS. Sections were blocked for endog- 
enous peroxidase activity with Peraxoblock Solution (Zymed Laboratories, 
Inc. . ^Somh San Irancisco. CA) for 45 s at room temperature. After rinsmg, 
sections were preblocked widi a5% casem/005% tiumerosai/FBS for 15 
min at room temperature and then incubated overnight at 4X in primary 
antibody ?.:200 m a5% casein/a05% diimerosal/FBS) that eitiier was or 
was not preincubated widi ai mg^ml <k9 pqAtde for 30 min at 4"C After 
rinsing in PBS. sections were incubated in etdttr biotinyUded donkey 
anti-rabbit seomdary antibody (Amersham Corp.) at a dilution of 1:200 or 
peraxidase-conjngated goat anti-rabbit secondary antibody (\bctor Labora- 
tories, Burlingame, CA) at a dilution of 1:250 for 1 b at room temperature 
inOiS% casein/0a5% dumerosal/PBS. Sections incubated widibiotinylated 
secondary antibodies were then rinsed and incubated in ABC avidin4>eroxi- 
dase reagent (Voctor Laboratories) for 1 h at room temperature. Chromagen 
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was developed usii^ the DAB Plus Kit fhmi Zymed Laboratories. Reactions 
were monitored until suitable color devdopment was achieved. The signal 
was enhanced with (15% nickel chloride, and the sections were rinsed in 
distilled water. Sections were subsequently air dried and then mounted with 
Bcnnouttt (Fisher Scientific, Pittsbuigh, PA) onto clean slides. 

Protein Sequencing 

Human uterine tissue was homogenized in inununoprecipitation buffer and 
cleared by centrifugation at 200 g. The supernatam was incubated with 
affinity-purified o(9 anti-cytoplasmic pqvtide antiserum cross-linked to pro- 
tein A-S^harose ClAB (Pharmacia Fine Chemicals, Piscataway, US) over- 
night at 4°C The beads were then washed extensively with inmmnoprecipl- 
tation buffer and heated to dS^'C for 5 min in 2% SDS, 300 mM 
2-meicaptoethanoI . 80 mM Iris, pH 6i& The siqiematant was concentrated 
ottaCentrioon-10Conoentrator(Amioon, Beverly, MA), subjected to 7.5% 
SDS-PAGE, transferred to PVDF membrane (Bio Rad Hercules, CA) 
for3hat50VinlO mM 3-(^ohexylamino)-l-piopanesulfonic acid, pH 
11/10% methanol, and quantified by stainii^ with ai% Coomassie blue 
R-250 in 40% med)anol/l% acetic acid. A prominent hand at ISO kD 
was microsequenced fay the USCF Biomedical Resource Center (San Fran- 
cisco, OV). 



Results 
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Figure I Map of <«9 sequenciQg strategy. Shown are die location 
of clones used to obtain the partial sequence of human a9. Internal 
sequence was obtained fay use of q)ecific a9 sequenclqg piimere 
(dashes) and by generating restriction fragments at sites shown. 
The clone labeled original FCR clone was obtained ham human 
lung cDNA usu^ homology based PGR. Clones labeled and £2 
were obtained from a human lung cDNA librar*. Oones labeled 
C/7- W were al>tamed by PGR firam U937 cDNA. Oones AT and 
H2 were ohtaimid fay fCR fiom HI>60 cDNA. aones labeled DI-^:, f 
P6 were obtained firmiii]l!hu^ small intestine cDNA libiaiyti^'^^^ v k 



Cloning and Sequencing of Human a9 

A novel 223-nucleotide partial guinea pig integrin a subunit 
cDNA (orA) .was previously reported by Erie et (13). lb 
obtain the , c» human sequence of thetnb^el 

subwnity^^ described degeoera^^inte^ 

^rih a su6^^^^ (A14F: CGG/G^ITCCkjiQ 

^?%?r^tiii^herate^^ reverse ^pfinier'b^^ theT<>EA:;se^ r^. 



^.Xlones la!^ PCR horn TJOBrl a^NA^^H^^ ■ 

indicated widi;aiT6w^ 

f ii V..-.' -AH MMHiiktcAm^ori^^^^-ei^UAW^;^ inboUidiieoiiiini?^^^ 



v^sue^A bcmd^ 

itamed:(data^ into pBluescnptitcmd^ ^ 



;|^f^jd^tij^ -^^-^'-^^^'^^^-i- i'^'" 




,.,..>screen:a; 



.. .... ^^^^^^ 

ir^ ^4U^Ci^ 

v^irv;^ii^rcji^^ 

:ceU liiws XJ»7 (cIoKfcs^^t^ by PCR 

using o^-specific primers, lb isolate a^ 
from these cell lines, we used a previoudy described 3- 
sequence extension technique GS) which employs PCR. One 
clone ftom HL-60 cDNA, H2, and one clone ftom U937 
cDNA, U4, obtained by this method contained 117 nucleo- 
tides of oe9 sequence. 

PCR was performed on anqilified purified human lung 
cDNA library DNA using at9-specific forward oligonucleo- 
tide primers and Xgtll-specific primers (XgUlF and XgdlR). 
Individual bands were isolated, reanq)lifi^, subcloned, and 
sequenced. One clone, L2a, consisted (rf 300 nucleotides of 
of9 sequence. Clone L2a was used as a probe for screening 
the human lung library and ne hybridizing clone, L2b, was 
isolated, purified, subcloned, and sequenced. Both cl ne 
L2a and clone L2b ended at nucleotide 1817, suggesting that 
clones L2a and L2b rq)resented the same library clone. 




^£ jaii^ha 'Was^^^ 
eqiuvocaay;deteriiui^ to be YI^D(T/P)((^ 
degenerate forward oUgpnudeptide^ICR^v^ 
signed based upon these possible amibo^terminal seqii^ces. 
PCR amplifications were performed usii% eadi of die de- 
generate forward primers paired with a9-specific reverse oli- 
gonucleotide primers and lbra-2 cDNA (data not shown). 
Reactions using a degenerate forward primer based xxpm Ae 
sequence YNLDPQ and two different a9-specific revise 
primers resulted in intense bands which were cloned and se- 
quenced (Tl-T3j- 

We have sequenced 3,139 nucleotides (Fig. 2) of cDNA 
that contains a 3,000-nucleotide open reading frame that in- 
cludes a termination signal but lacks an initiation codon. 
Based on this cDNA sequence and the amino terminal se- 
quence we obtained, we predict the mature a9 protein to be 
1,006 amino acids in length with a 947-amino acid extracel- 
lular domain, a 26-aniino acid transmembrane domain, and 
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Figuri^^Miinm integrin cx9 cPNA Sio^^aai^ amino 
acid «»quence;i^ amino abi<l sequoice lsiliQm One-letter code 
bddw fiikt nwli^ 
' biam^idbiiuu^ shown fcy a dwiblelin^ 1 ' 

dot- ^ 

U(t tiiuieriihe/d^ 

cated by'arsiiigle uiKler^ be 
A firdm some clones and G lioni others (indica^ by a G iapaien-. 
theses: ^)ove; the jiuclei^ C in 

^.^onre^^blQiie^ a^ odi^.: Nonie of t^^ vanations 
vlcluu^vtlie is 
I aMiUiibletti^ ENfBi7GenBank/DDiil^^^^ 



Figure 1 Comparison, of ae9 to other humuit^^ 
{A) The pnbditte^ 
^ to the odbs^lm^' ^ 

^l^^if^r^idiiiis the ^fm^^^^W^^ 
rr^TP-r- .r. numberettJx^^^^ 

putative m^ 

present'ln«>ij^''su^^ 

and 3. Tlw ^eaira^ sbir» s^^ 

thetransmembil^^ 

indicated vntfi!:^. (B^^^ die 
' pwvi<Ki^>^jrqF>p 
vdiajpnmXt^fc^ 



o^-joikle^ 



ii^rWDo^ acid cytoptifiinic dqn^^ . 



subunits wfaic^ arecleaved.i^^^ 

,^i0dyig to.dw la^jtiniif 



: CriesMuies^d^^ ■ : iSrolvod i^^^ ^ _ 

^ht^ '^■^^If.-^f^r ;. .^■'•^^.^^f^^^^.^P--^^^^^ /^^*'^^Sd&nc^pifem'iii ceitaii-CTtrkelhilar 



Conqparison of a9; to die 



i^stnictoe^p£:mt^^ 



subiinits is indicated in Fig. 3 A . The coni5en5^s structure inr 
eludes: a large NHz tenninal extraceUuiar domain contain- 
ing seven conserved repeats (four partial and three cpnq>let^\ 
putative metal binding domains) and in some cases the I do- 
main, an insertion of approximately 200 amino acids, a sin- 
gle transmembrane-spannirig domain, and a short COOH- 
tenninal cytoplasmic domain. Some subunits are cleaved 
into two disulfide-linked fragments near the transmembrane 
domain 08)- o9 contains die seven conserved repeats found 
in all known integrin o subunits. 0^9 do^ not contain an I 
domain nor is it cleaved. The ^oplasmic domain of ot9, as 
widi all o subunits, contains die highly conserved sequence 
GFF(R/K)R. 

Sequence, structural, and functional relationships be- 
tween the integrin a subunits are shown in Fig. 3 B. The inte- 
grin a subunit fiunily has diree distinct sub&milies. The first 
subbmily consists of the seven a subunits diat undeigo cleav- 



K'^bSkI ti»c^^ of laxninih or.WlgG sup^^ 'i 
••^t clMvage pattern nor cont^ the j domain; ~ . "^''- ^'^'^^^f 
. ■ " '■ ' ■ . ^ 

age near the transmembrane domain. The second siib&mily 
includes die five a subunits that contain an I domain. The 
diird subbmily consists of (x4, which contains neidier die I 
domain nor undergoes cleavage jielduig disulfide-linked 
fragments. The deduced partial amino acid sequence of a9 
is 39% idoitical to die integrin a4 subunit sequence and 
18-22% identical to die odier known human integrin a 
subunit sequences. Based on its sequence and structural 
similarity t a4, a9 is clearly a member of die diird integrin 
a subunit sub&mily. 

Fig. 4 shows the alignment of the predicted cr9 amino add 
sequence widi or4. All 23 cysteine residues found in o9 align 
widi those found in a4 (a4 contains one additional (^steine). 
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■« YrimtsAurocnflm^swLHSHcwNmiJUcwTW^^ owstnccpooctclce 

09 YWU>PqgPVHrOgJU>$rfCYA\a£HrHDMTW<WW 

a4 Rsion£nu)i(VCENcstvTCCKianwinrii^^ 

(ri RDOaiMV$LMVmiX:PVUU»Hian»lVY EAWULmCfCtllPSHLQUCCBrU PCTUYtcncyCECHCSCQKlACrrTEELV 

a9 viiupcsrYWun^tKvufLTiiiirruuionrtiwm^ 

a4 KKUUTrCMSVUVDUUOlGFSOUVCAPIOSTIIIU^^ 

oKCP ...SSLCAVDlWtDCLSOUVUPKrSOnOECCyiVTIN^^ lALTGDMYtUBFcesiKtCOUO. . . 

a4 WTTXnKVDICWSVCIOLTlCFSYICCKEV^ SmmSSSi TSD VITCSIQ^SttEANCRTHOUIIMt 

a9 NITAPOCHIXSaQP^nciJimcrsrHCKHVPUIClWVU^ tCIOQLTYXrEICttHWAKVni 

a* DVBDlLTPIQieMTHLCPMVtSKBSTEEFPPUVI lOHM miMOTIfirARFCAHElCSADUinWtlcrtJ^^ TUV 

o9 RvwispivrcMTsuDTmi cunru>PLmim»ccQKiiion«ivnmcAsc)CAAD ktlyial 

«« CSKiaiJtUW5LFNACDI»YETTUIWI^LrPlKIt£UCICQlNCCfni»l^^ 

o9 cKVKHisuiisisKLCOOAYaMNsnArsfiLLrFiiMtOKEDciscuu sof LKCsvcrpnotsKsxnrsvirDnHLscctcv 

04 LsirmTccMCEOtiNLntsicmMpunimTviiavNrrs^ sm mm awtnw.TntviinciisMAPtivsvt 
a9 L5rivnQ5QirERszsuiomvum>ii«rrimiTciHspmvyas^ 

04 tHvpHSFSiigmiarNiLo vomaxHrunoirvcMinouAiQT^ 

a9 isrPNRLSSCCUKrKVQOWVCQDtCtCSrg)^^ 

o4 SVMIClXCRPSILOOtTSUltFEtMTCrPEPflPINIElKKD DtMKVllXCIJWQIimTmVI ISSSLUfiLIVLUISirVm 

.9 TiDt¥MjjiTEiutmsssvicn«sR«(mtTOPAU«miAH^ wrouwupH CTWCwi i»i5Uveuyt,i.Lf tvtu n i 

a4 ACrnOCTKSlLOCC IffiR DSMSyiKSKSKDO 
a9 HCFrmAYKEIIUCKKWENEOSHIMVOtMO 

Figure 4, Alignment of a9 with its closest integrin a subunit rela- 
tive, of4. The deduced amino acid sequences of human o9 and 
guinea pig aA (nfirence 13) and the previouc^ly reported sequence 
of the mature form of oA (r^rence 46) are shown aligned usiqg 
the one-letter amino acid code. Qysteine residues conserved be- 
tween 0(9 and oe4 are indicated by an asterisk (if). The conserved 
ihetal binding repeats common to all integrin a subunits are unde^ 
lined. The predicted transmembrane domains are indicated by dou- 
ble underline. The cleavage site in cr4 (++), between Aig558 and 
Ser559i>is^not present in oe9. . frv 

|19^ ic^u;utes generally * — 

" * " " ' _ I site ^ 

.^„, i'W 

and Colm 0^ 




» ivcrruitrriKfOOfCti 

tVCrFUILIEUUCKV9iSINE0SfQl«UQ|lC0»ClI»l|f0SfSUCI0 

iicrrupLKuaii 

ftCFFKUTtUTMPOIIOITTflSS 

tCSrFUltTUlTIAgtQUfllSQnETItlTUT 
UT ICCFFIITIITIINraTllVllllillfPPPCSTlPTIiaSVTSigilOIVr 

tLSFFIIStnSTMEUQltPMTSOA 

■C«Ff UHMimTTIU El H* QMOIEIl TS 01 
ItT ICCFru»TUS¥MrU¥IIIIEE»IBflEKTIOILEEtqilT»IUSffS 

KC SF FBUIPPQDDWOIEQl Ttl ITTOA 

MCFriiQiuiLqKilt osisviattsno 

MCFFIHTKEII »( MMtl 



Figiue d Alignment of integrin o subunit cytoplasmic domuns. 
The COOH-t»minal cytoplasmic sequences of die known human 
integrin a subunits are sliown (rrfemusesl, % 9, 10^ 28; 33, 39, 
42-45). The amino acid sequence of the p^tide used for pndno- 
tion of a9-^iedfic rabbit antisenim is wn^ityH and labeled o9 
Peptide. 



noma. Tlie caidnonm-Hlerived cdl line Hd^ (bw 
leukocyte^vedoeU lines Raji. Hifl*78; MOUr-4, andHL- 
60 (lanes 4-7) were negative for expression of as woe 
cell lines U937 (histiocytic lymphoma), K-S62 (chronic my- 
elogenous leukoma), Oaudi (Buridtth lynvhoma), AN3CA 
(endometrial caicinoma), and JEO-3 (choiiocafcinoma) 
(data not shown). 

The sequences of die cytoplasmic domains of tiie known 
vertebrate integrin a subunits are shown in Fig. & It is evi- 
dent that thie 5^ 

subui]ite,^j|)^^ similarity to the ^4 cyto^r 




-^^J^hSti^^ a^ivariel 



tihct from Ae sequences of Aeoftafxit; 

suiyanitsfje»^ identity (DSW)'^^W^ 




r ;> 3 #H><b(B an em- 

% - .biyonal carcinoma, ahd'Cacori ceUs, 6^ colon carci- 



Figure 1 Identification of a9 
mRNA by Northern blot anal- 
ysis. Ibtal RNA (30-40 iig/ 
lane) isolated from human 
ceU lines Caco-2 Qane i), 
7bra-2 (lane 2), HeLa (lane 
i), Raji (lane 4), HiTT 78 
(lute 5), MOLT-4 (lane 6), 
and HL^ (lane 7) was 
probed for a9 mRNA usuqg 
2.1 Id) (tf ^l^labeUed a9 
cDNA. The positi ns of the 
28- and 18-S ribosomal bands 
are indicated on Ute left. 





3^, . ^|^_. _ 

lkra^2 cdls. Aliquots of 
sui&ce^laftided lysates from 
,7jbra-2 ceUs were immunopre- 
cipitated widi a nxmockmal 
anti-/31 antibody (lanes 1 and 
4), affinity purified polyclonal 
antiserum raised against a 
portion of the cytoplasmic do- 
main of cx9 (lanes 2 and 5), 
and preimmune serum (lanes 
3 and 6). The proteins were 
anaiytedby SDS-mSE under 
n nreduciqg (lanes 2-3) and 
reducing (lanes ^-6) conditions followed by autoradiograpby. The 
positions of molecular size markers (in kD) are shown t tiierig|it. 
10-fold less lysate was used in the 01 immunoprecipitation tiian in 
the a9 r preimmune serum immunoprecipitations. 
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200 



— 116 



— 97 



Figure S,lxammodep\c^ nof 
fil containing integrins. Ali- 
quots of <^I-sui&ce-labeled 
lysates from 1to-2 cells were 
subjected to four rounds of 
immunoprecqritation with an 
anti-/}l monocl nal antibody 
or an anti-^6 mAb cross- 
linked to protein A-Sqiha- 
rose. The resultiqg siqiema- 
tants were immunqprectpi- 
tated with affinily purified ot9 
polyclonal antiserum. Hie 
immunoprecipitated material 
(anti-iSl first round immuno- 
precipitate, lane i; anti-01 
Mowed by tt9 antiserum, 
lane 2; antt-jS6 Mowed by 0(9 antiserum, lane J) was analyzed by 
SDS-PAOE under nomeducii^ conditions Mowed fay autoradiog- 
rapliy. The positions of molecular size markers (in W) are shown 
to the right. 




— 66 



Because we were able to detect o(9 inmiunoreactivily in 
airway tissue, we examined the expression of a9 in oAer tis- 
sues. Sect! ns of mouse tissue were stained with hematoxy- 
lin (Fig. 9, A and y ) a9 antiserum (£, , and 10, or a9 
antiserum preblocked with a9 pqitide (f^ /, and L) . In mouse 
esophagus (Z>-F), Ae basal of the qiilhelium {arrw) 
was stained by oS antiserum. Skeletal muscle (M) present 
in this section also showed a9 immunoreactivity. In noouse 
small intestine (G-/) both the longitudinal and drcum&ren- 
tial smooth muscle layers (SM) reacted widi the cS antise- 
rum. Hqiatocytes in die liv^ (/, JT, and L) demonstrate cell 
sur&ce localization of oe9. A variety of other mouse tissues 
were analyzed for the presence of q9. Ihble I summarizes 
these results. The tracheal ephhelium; basal q>ithelium of 
the larynx, pharynx, esophagus* skin, and cornea; snoooth 
muscle of trachea, veins, duodsnum, colon, stonucfa, and 
esophagus; skeletal muscle; hepatocytes; and splenic giant 
cells all demonstrated Qf9 immunoreactiiity. In all of ttese 
cases, staining was blocked by mcubation of the 09 antise- 
rum with cS pq>tide prior to tissue stainiog. 

IXscussion 

This refibrt presents three novel findings. First, we present 
the complete amino acid sequence, deduced from cDNA and 
aniino t^minalcsequencing, of a hew m^^ of the human 

mtegrin-^^^ o9. S^n^l^^'^^^ Oat 

a9ib]mi^'^uA^ 

-■niiiMle|i^4ie^^ 'i^-'i: 
Cdmjpui^n 0^^^^ deduced'amiro of o9: 

; with die^ili^^ 
: ia subiuats:<^^ly, dm 

. .... . . . .... meiallbi^^ 

piedpitation^of^ and sen/iH^ 

^do^lnpt^o^ 



nonreduced bands at 140 and 115 kD and a minor band at 
180 kD (lane 1). These bands changed upon reduction to 
190t ISO^ and 130 kD (lane 4)* o(9 antiserum immunoprecip- 
itated a heterodimer consisth^of 140 and IIS kD subunits 
npmecbtoe^^ (lane 2) and ISO 130 kD subunits reduced 
o Oa^i|)^.^^^^^ upper baml|m^^d^m same apparent 
<fpmpi|g^^ 

v;^'9^]^aie^^ oft 
g^lilimn^^ 

. , md JiOToejanons^ , , , ^. 



V r "s^^ parteeirs of jM. 'r 



J Qur:t 

a9 is Widefy Disiributei in Normal Jb^s - f ^ 

Because a9 was initially isolated from airway q>ithelial cell 
cDNA, we attempted to identify o9 in human airway tissue 
by immunohistochemistiy. Fig. 9A^ shows a human airway 
biopsy section, includiiig qridielium and suhmucosa, stained 
with hematoxylin. a9 antismun intensely stained die airway 
epithelium (B). When the antiserum was incubated with a9 
peptide prior to tissue staining, staining of the qiidielium 
was substantially blocked (C). 



su)|jmit5b^ 
ixint^iiis GFFRR (22).'BoiSi vanatib^ of i^'sei^e^ 
also .fouiui in die DNA binding domain (tf dfe members 6ti 
the steroid hormone recepitor <siq>erfiunily ^9). The fimcr^^ 
tional significance of this sequence is not known, albon^^ ; 
it has been rqiorted that a GFFKR-containing peptide can t 
interact with die Ro/SS-A antigen (calr^culin) (35). 

There are rqx)rts of four odier int^rin a subunits for 
which the human sequence has not been published. We do 
not believe that any of these four are identical to die subunit 
we describe based on the following evidence. The integrin 
subunits u? and o8 have been cloned from other species, and 



Figure Si hnmunohistochemicai localization of a9. Frozen sections of human airwa/ biq)sies (ArC) and mouse esophagus (D-F), duode- 
num (G-/), and liver (J-L) were stained with hepiatoxylin (i4, D, G, J), with a9 antisenmi (B, E, H, AT), or with or9 antiserum preincubated 
with a9 pqitide (C, F^ /, L). The antiserum spedficaUy stained airway epithelium, esoplmgeal skeletal muscle (Af) and basal cells 
of the squamous epithelium (arncw), duodenal smooth muscle (Silf), and hepacocytes. 
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Table L Immunohistochemical Localmtion ofa9 
in Mouse Tissue 



Tissue 


a9 eiqnession 


Distribution 


Trachea 




Prnthpltiim vtnnnth mtlttle 
EOiuicuiuUf auiuuui iiiuwrib 


Laiynx 




Rasal enitheliuin 


EoAvifi fl 011 a 
SSupiUlgUa 




Basal epithelium, smooth muscle 


OKClCIBl inUoClc 






OUIIlladl 




Smooth muscle 


Duooenuni 






Skin 


+ 


Basal keratinocytes 


Cornea 


+ 


Basal epithelium 


Veins 




Smooth muscle 


Aorta 






Pancreas 


+ 




Uver 




Hepatocytes 


Heart 


+ 




Spleen 




Giant cells only (rare) 



the lesuItiQg sequences have less than 21% aniino acid iden- 
tity to (X9 (4, 38). PWial cDNA sequences of the hunum 
homology of a7 and a8 are clearly distinct from the o9 se- 
quence (our unpublished observations). Both of the subunits 
. ; of a no^l integrin ex|;iessed on activated leukocytes, termed 

, ja^^^eU^Su*^ "S 



smooth muscle and in a subset of epithelial cells and is not 
generally expressed in lymphocytes or in endothelium. Al- 
though cx9 vvas detected by PCR in two leukoqyte cell lines, 
it could not be detected by Northern blotting in these cells. 
The overulielmii^ majority of lymphocytes present in sec- 
tions of mouse spleen did not stain vnih the cv9 antibody. 
However, rare, splenic giant cells did demonstrate cS im- 
munoreactivity, suggesting diat of9 may be expressed in at 
least some leukocytes in vivo. 

Our results show wid^pread expression of o0 in vivo. In 
airway q)ithelium and the basal layer of squamous epithe- 
lium , tt9 appears to be distributed at cell-cell bonle:s as well 
as at cellular contacts with basement membrane. In smooth 
muscle, skeletal muscle, and hepatocytes, ci9 Bppeaxs to be 
uniformly distributed over the cell sur&oe. In these tissues, 
cS is expressed diflusely at sites of homoiypic cell to cell 
contact in cells that are not actively involved in spreading, 
migration, or any other obvious dynamic interaction wiib tte 
extracellular matrix , These results suggest tiiat oi9 may be in- 
volved in homotypic cell-cell interactions. Aldiough inte- 
grins are not generally tiiought to be involved in homotypic 
cell-cell adhesion in non-leukocyte cells, localization of 
int^grii^ to cell-cell contacts has beoi shown for dlpl in 
bronchial epitiielial cells (1), cultured keratino^tes (6), and 
endod^eUal cells (27); for aSjSlJn bronchial epithelial cells 
(Ij^fidiitn^ kieratinocytes aiid a^ety of transformed 
^fl»ni)9Mid'for ^S/^^ (27). Fui^ 

havebera 



[iipim§^is^^ a siibunit, ^^^.^^^^^^^^^ _ 



i-subsefjof;/-jfii 

^PlK^i^^ ^ . _ .-^.v^^.. . ... 

^(^whwea^ofP^^ 
Uidial h^er or submucostf.^^^ .;^ingtoc»t^^ 
"^:Wsa»en^ ■-••lulairspfi^^ 




can also form hetercdimers witii byier s0m^^^^^ 
exclude die possibility that is expr^sed in low abundance 
widi anodier P subunit in lbra-2 cells or tlkt^ has other 
/3 subunit partners in other cell lines or in^vq^ 

The closest known relative of die cS subunit is the a4 
subunit. 0^ and cr4 share 39% amino acid identity and are 
botii eqpially diverg^t from die otiier known a subunits. 
Consistent with ttieir similarity, od, like oe4, is not composed 
of two disulfide-ludoed fragments and does not contain an I 
donuun. Integrin oe subunits generally demonstrate low 
correlation of sequence similarity widi tissue distribution. 
Therefore, even tiiougli a9 and (ic4 are closely related, we 
would not necessarily expect them t have similar expression 
patterns. cx4 was first identified on laikocytes (19) and has 
more recendy been shown to be eiqnessed on endothelial 
cells (31) and in developii^, but not adult, skeletal muscle 
(36). In contrast, a9 was detected in adult skeletal and 
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